Introduction
Anti-glomerular basement membrane (anti-GBM) disease and anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis are two major causes of pulmonary-renal syndrome, which is characterized by rapidly progressive glomerulonephritis and diffuse alveolar hemorrhage [1, 2] . Anti-GBM disease is caused by autoantibody against glomerular and alveolar basement membrane, and is pathologically distinct from arteritis [1] . However, anti-GBM disease accompanied by arteritis was reported soon after the establishment of the concept of anti-GBM disease [2, 3] , and after the generalization of ANCA assay, a substantial proportion (21.2-45.8%) of anti-GBM disease has been found to be positive for ANCA (Table 1) [4] [5] [6] [7] [8] [9] [10] [11] . Therefore, ANCA is supposed to be responsible for the arteritis accompanied anti-GBM disease, and ANCA-positive anti-GBM disease is termed ''double positive'' disease.
Interestingly, the specific ANCA-type positive in ''double positive'' disease is almost always myeloperoxidase (MPO)-ANCA for unknown reason (68.4-100%; Table 1 ) [4] [5] [6] [7] [8] [9] [10] [11] , while proteinase 3 (PR3)-ANCA-positive ''double positive'' disease has been seldom reported [12] [13] [14] [15] [16] [17] [18] . Some MPO-ANCA-positive cases reveal intrarenal arteritis, which is histological observation theoretically specific for ANCA in ''double positive'' disease [19, 20] . In contrast, as far as we know, none of the PR3-ANCA-positive ''double positive'' disease has been reported with kidney biopsy-proven arteritis. Taken together, while MPO-ANCA is supposed to be involved in the renal pathogenesis of ''double positive'' disease, the significance of PR3-ANCA in ''double positive'' disease remains ambiguous.
Here, we report a PR3-ANCA-positive ''double positive'' disease presented with pulmonary-renal syndrome and hemolytic uremic syndrome. Kidney biopsy revealed crescentic glomerulonephritis with linear immunoglobulin G deposition, intrarenal arteritis, and thrombotic microangiopathy. This case newly describes PR3-ANCA-associated intrarenal arteritis in ''double positive'' disease.
Case report
Clinical history and laboratory data (Table 2) A 59-year-old Asian single-living man was transported to our emergency department with an altered level of consciousness and hemoptysis. The patient had experienced low-grade fever and general malaise for 4 months and revealed weight loss from 73 to 50 kg. Urine output had decreased for a few days. A few hours prior to the presentation, he had experienced progressive deterioration of general malaise and asked his relatives for help. They found the patient collapsed and coughing up blood and called for emergency assistance.
On presentation, his vital signs were as follows: Glasgow Coma Scale, 7 (1 for eyes, 2 for verbal, 4 for motor score); body temperature, 35.8°C; blood pressure, 130/70 mmHg; pulse rate, 103/min; respiratory rate, 24/min; and arterial oxygen partial pressure on room air; 41.8 mmHg. Physical examination revealed conjunctival pallor, bilateral coarse rales, and decreased skin turgor. ANCA anti-neutrophil cytoplasmic antibody, GBM glomerular basement membrane, MPO myeloperoxidase, PR3 proteinase 3 RBC red blood cell, UPCR urinary protein creatinine ratio, TIBC total iron binding capacity, CH50 total complement activity, MPO-ANCA myeloperoxidase-anti-neutrophil cytoplasmic antibody, PR3 proteinase-3, GBM anti-glomerular basement membrane, ADAMTS-13 a disintegrin and metalloprotease with thrombospondin type-1 repeats, member 13
There was no skin rash or arthritis. Complete blood count revealed severe anemia associated with thrombocytopenia, and blood smear showed a large number of schistocytes. Blood chemistry revealed renal dysfunction associated with life-threatening hyperkalemia. The titer of anti-streptolysin O was elevated, and blood culture revealed Streptococcus pyogenes. Immunological studies revealed normal levels of immunoglobulins and complements, and negative anti-nuclear antibody and MPO-ANCA. In addition, the titer of PR3-ANCA and anti-GBM antibody was highly elevated. A disintegrin and metalloprotease with thrombospondin type-1 repeats, member 13 (ADAMTS-13) activity, were mildly decreased with no ADAMTS-13 inhibitor. Urinalysis revealed massive hematuria with red cell casts and a total protein-to-creatinine ratio of 13.5 g/ gCr. Chest radiograph revealed infiltrative shadows in the right lung field without nodular lesion (Fig. 1b1 ). Computed tomography scan of the chest revealed bilateral consolidation interspersed with ground-glass attenuation consistent with diffuse alveolar hemorrhage (Fig. 1c1) , and the diagnosis of alveolar hemorrhage was confirmed by subsequent bronchoscopy.
Clinical course after admission (Fig. 1a) The diagnoses of pulmonary-renal syndrome, hemolytic uremic syndrome, and sepsis were made, and the patient urgently implemented continuous renal replacement therapy and antibiotics. The day after admission, respiratory failure deteriorated, and the patient required mechanical ventilation. Since anti-GBM antibody and PR3-ANCA became evident on hospital day 4, plasma exchange (PEX) treatment was initiated. While PEX treatment effectively reduced the anti-GBM antibody and PR3-ANCA titers, alveolar hemorrhage and thrombocytopenia were not sufficiently resolved. Urgent methylprednisolone pulse therapy was considered; however, because of the concomitant sepsis, we elected to repeat PEX treatment. The alveolar hemorrhage gradually worsened (Fig. 1c2) , and a 3-day course of methylprednisolone 1-g pulse therapy was initiated on hospital day 8. The alveolar hemorrhage and thrombocytopenia improved after the initiation of corticosteroid therapy, and a kidney biopsy was performed to confirm the diagnosis of pulmonary-renal syndrome and hemolytic uremic syndrome.
Kidney biopsy findings
The kidney biopsy specimen contained 22 glomeruli with 6 globally sclerotic glomeruli. Most of the remaining glomeruli revealed circumferential cellular crescents (Fig. 2a) , and some showed tuft necrosis and rupture of Bowman's capsules (Fig. 2a) . Immunofluorescent examinations of glomeruli revealed linear deposition of immunoglobulin G (Fig. 2b) , and electron microscopic examination excluded electron-dense deposition. The globally sclerotic glomeruli revealed segmental occupation of Bowman's space (Fig. 2c) . Some arterioles revealed arteritis with fibrin deposition and disruption of the internal elastic lamina (Fig. 2d, g ). Other arterioles revealed mild fibrin deposition, partial distortion of the internal elastic lamina, and endothelial swelling with luminal narrowing (Fig. 2e) . Interstitial necrotizing granulomatous inflammation was not detected. Hemosiderin was scattered in the interstitium (Fig. 2f) . Based on these findings, we diagnosed the patient with anti-GBM disease associated with intrarenal arteritis and thrombotic microangiopathy.
Clinical course after diagnosis (Fig. 1a) The patient was weaned from mechanical ventilation after the 3-day course of methylprednisolone pulse therapy, and oral prednisolone of 40 mg per day was continued. Clinical symptoms, except for anuric renal failure, showed improvement and chest radiography revealed resolution without interstitial fibrosis (Fig. 1b2) . Although dialysis treatment in outpatient setting was required, the patient was discharged in a good general physical status. We administered intravenous cyclophosphamide 500 mg one month after, continued every month for three treatments, and then additional three treatments at 3-month intervals. Oral prednisolone was successfully reduced to 5 mg per day without any disease recurrence.
Discussion
The significance of ANCA in ''double positive'' disease has been widely examined, and several differences between ''double positive'' anti-GBM disease and ''pure'' anti-GBM disease have been evident. First, susceptible age of ''double positive'' disease is greater than ''pure'' anti-GBM disease, resembling ANCA-associated vasculitis [5] [6] [7] [8] [9] . This feature is proposed as sequential sensitization of GBM antigen following glomerular basement membrane destruction via ANCA-associated vasculitis, and the hypothesis is supported by cases showing positive conversion of anti-GBM antibody following ANCA-associated vasculitis [5, 8, [20] [21] [22] . Second, ''double positive'' disease has a higher risk of relapse than ''pure'' anti-GBM disease [1, 8, 11] . This is supposed to be associated with disease nature that anti-GBM disease as a generally non-relapsing disease [1] , while ANCA-associated vasculitis carries significant risk of relapse [2] . Third, one-third of ''double positive'' disease shows intrarenal arteritis, which is a histological observation theoretically specific for ANCA in ''double positive'' disease [7] . Considering these evidences, ANCA is supposed to have a critical role in ''double positive'' disease. However, all these knowledge are based on MPO-ANCA-positive ''double positive'' disease, and the significance of PR3-ANCA in anti-GBM disease remains largely unknown. In contrast to MPO-ANCA-positive ''double positive'' disease, as far as we know, only 7 PR3-ANCA-positive cases are reported in detail (Table 3 ) [12] [13] [14] [15] [16] [17] [18] . All cases revealed crescentic glomerulonephritis with linear IgG deposition, while intrarenal arteritis was not documented; renal histology specific for PR3-ANCA in ''double positive'' disease was not evident in previously reported cases. Since intrarenal arteritis is only detectable in one-fourth of ''pure'' ANCA-associated glomerulonephritis [23] , this accumulation of intrarenal arteritis negative cases supposed to be a coincidence. However, there remains a slight possibility that the PR3-ANCA was false-positive in ''double positive'' disease. The prevalence of false-positive PR3-ANCA, which is serologically positive PR3-ANCA without vasculitic disease, is higher than previously expected; 9.7-24.3% of PR3-ANCA positivity [24, 25] . False-positive cases are associated with autoimmune diseases, malignancies, and infections, such as Staphylococcus aureus endocarditis and mycobacterial infection [24, 25] . Among the PR3-ANCApositive ''double positive'' disease, 3 cases had these particular infections, S. aureus septicemia [12] and mycobacterium infection [13, 18] , indicating false-positive PR3-ANCA. In contrast to these cases, our case newly describes PR3-ANCA-associated intrarenal arteritis, renal histology specific for PR3-ANCA, in ''double positive'' disease.
The present case revealed some histological signs suggestive of ANCA-associated vasculitis in addition to the arteritis. Glomerular lesions revealed different phases of crescentic glomerulonephritis which are less commonly seen in ''pure'' anti-GBM disease [26] , including highly active circumferential cellular crescents (Fig. 2a) and global sclerosis with segmental occupation of Bowman's space (Fig. 2c) . Interstitium revealed hemosiderin deposits (Fig. 2f) , which reflect old interstitial hemorrhage [2] . In contrast, interstitial granulomatous lesion, rare but characteristic lesion of ANCA positivity [23] , was not detected. We speculate that these renal histological findings are consistent with the clinical history of 4-month preceding physical symptoms culminating in sudden-onset alveolar hemorrhage and anuric renal failure. Chest radiographs showing neither nodular lesions nor pulmonary fibrosis (Fig. 1b2) also support that alveolar hemorrhage as pulmonary lesion of anti-GBM disease. Taken together, the renal PR3-ANCA-associated vasculitis might precede and subsequently develop pulmonary-renal syndrome via anti-GBM antibody in the present case. While MPO-ANCAassociated vasculitis are the majority of glomerular disease preceding anti-GBM disease, IgA nephritis [20] , membranous nephropathy [20] , and PR3-ANCA-associated vasculitis [15] cases are also reported to precede anti-GBM disease. Moreover, subclinical elevations of MPO-ANCA and PR3-ANCA titer are reported to evoke anti-GBM disease [27] . These suggest that PR3-ANCA-associated vasculitis might cause sequential development of anti-GBM disease.
The present case also revealed hemolytic uremic syndrome and thrombotic microangiopathy resolved by the intensive treatment. They concurrently occur in autoimmune diseases [28] , and several cases associated with ANCA-associated vasculitis [29] , ''pure'' anti-GBM antibody disease, and ''double positive'' disease have been reported [30] . In most of these cases, as well as present case, ADAMTS-13 activity is moderately decreased and the ADAMTS-13 inhibitor is negative [28] [29] [30] . Therefore, hemolytic uremic syndrome and thrombotic microangiopathy are supposed to develop following severe vascular endothelial damage [29] . In the present case, typical arteriolar and/or glomerular intracapillary thrombosis was a seldom detected. However, while it was difficult to clearly distinguish thrombotic microangiopathy from arteritis, the swelling of endothelial cells with narrowing of the arteriolar lumen (Fig. 2f) was compatible with associated thrombotic microangiopathy [29] . Because of the concurrent sepsis, we initially performed PEX treatment. The PEX treatment reduced the anti-GBM antibody and PR3-ANCA titers, as expected; the resolution of hemolytic uremic syndrome was not achieved until the initiation of corticosteroid therapy.
In conclusion, while MPO-ANCA is the majority of ANCA in ''double positive'' disease, the present case revealed that PR3-ANCA also plays a significant role in ''double positive'' disease. When anti-GBM disease is contracted, accompanied by intrarenal arteritis, evaluation of coexisting PR3-ANCA, not only MPO-ANCA, is required.
